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O (57) Abstract: A MISFET includes a p-type SiC substrate (11), on which are provided a p-type active region (12), n-type source 
O and drain regions (33a, 13b), gate oxide (14) consisting of thermal oxide, a gate electrode (15), a source electrode (16a) and a drain 
» electrode (16b). The active region (12) includes a laminate of heavily doped p-type layers (12a), sufficiently thin to allow quantum 

effects, and undoped thick layers (12b). Carrier mobility increases owing to the decreased scattering of impurity ions in the active 
O region in the presence of moving carriers, whereas breakdown strength increases owing to the depletion in the entire active region 
O in lhe off stalc * The channel mobility further increases because fewer charges are trapped in the gate oxide and near the interface 

between the gate oxide and the active region. 
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( us j&ffij c 4b* ^ x & p a © ® a ft k - r m ) *as^T<&»sct*s*T?sso 

ftC, *£E;8S7&flB©MO S F E T©»31XSK:ov>TBiWr *o 0 4(a) ~ 
(d) » N *i»il:*5tf Sn^ + 4>;^MO S F E TC^lIg^^f If® 
EI"C&*o 6H-S iCI5ffl^^'r^ 7 > K — 7"JB (iSSlft £ 

x ftflFtuji 2000-5896 ^©ejuksveibs kubw^h-cv** d -e 
s -r> 14 (a) i;iti§t\ pi©si est 1 1 zmmtZo *mnm 

M\Z&\,^Tl±. S i CS^g 1 1 tits 3E®# {11-20}® (AS) t-S 
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LfcM5tt54 H - S i C2E«&ffl^3. fe^bv ( 0 0 0 1) I ( 

cb) ^ &»g-rft a s i c&m^m^x & «kv^. s i ca*£ 1 1 

Oiga2 5mmt2&§, 5 (1/min) ©ilCiot^^'J > 

if^ixfzyk^mmU^x, S i C**5 1 1 £ 1 1 0 0 °CT- 3 n$M&fc:ft&<fb b 
x ^®(Ci?^^|tj4 0 nm©M<bJlg£7« [stz&, ;^77-F#» 
7 s/ft7> i E-i>A*ij|![= 1 : 7 ) K«fc tK ^ © $t&fcllK * Rfc* 1" 3 0 * bT 
x CVD^lOft WC — fttC S i C£t 1 l&mWlss >JS — ft& 1 0 " e 

PagS (=1 0" 8 Torr) 0*afiCfi:*it»EtS. 

^14 (b) C^tiStf, ft>^-f"3l:^^7J:bTSI2 (1/ 
min) <D7kmx* h^iM 1 (1/min) © rT > # ^ t l> 
M — F*)CDffi££ 0 . 0 9 3 3 M P a £ LT> S1&S^&$J 1 6 0 0 "ClCfMT & 

UT&tm#2 (m 1 /m i n) ©:t*d>^>:27;* $tfii> s 3 (ml /min) <D 
^>5>^^!:4ft >A-^CfAt?>o 5 0 (m 1 / m i n) 

T*#IR£ tlX ^ -S o d©£:^ Y — Ml/ if iS Z.{&%nRl<D^)VXJ*)\/ ~7 
S^tHtti <o ;ni:J;t)s Si CSt 1 1 ©3=®©±C> T> Y — zr<£> 

s i cjptgjad* buzmft-m i 5 o onm©r> Y — ym 1 2 b y-7 
JB) £^ ^->^ •& o 

fegb^ ftftttilg 2000-5896 4 ■^©W«B»SViaHK:«B«^tir 3 ' 

=fc5£> F-t>^S7iHt^Jxiih Mf;V7;H->>A (Al (CH 3 ) 

s 1 0 %^tS7kmxx StttenriBC-f S H — t: SHE* > 

^K:iR« bT^3V>-C, lSJBE3j?>^Ji F-K>^#*ifc*&fliKmi:©IHK:^;i'*>"< 

&fc N >^-i*i-n , ]!»##;*©«*&*, MS: £©*!&# tig*. 

T\Z S ^)lX^)V7%ffi\,\Xi>W^mmx&2>T)\'K-t2*&^ts-%X (K-tf 
l/tfUT,) ft^^ttfcil&tSCtti Dx S i CM1 1 ©i®©±{3, JP 
<fr^ 1 OnmOpI K-lTJf 12a (fiftg F — 7"JB) Mt5, ^bts I 
Starts t, N ^;^;t;i/^s»i)«biiiit5i:i:i: «fc 

h*-t^>^#* wt-ft© S i 1 1 ©ifi±K:^;i/^ttt:«*& 
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*bT\ plF-rinatDxt^^i/tJ^I^Ttit b* - tf > ^ 

fc*>7 b. £ S i CI« 1 1 (D±\z®:ffi1r 2, d h i t) * Si CSffi 

1 1 OilCiC, 7>F-70Si Ci|i@ilfr 5 0nm©7-> H 

fltil&bfc^-CJBiJBjif;* &2>T> Y — 7m 1 2 b © J&fijfci: 4 0 

Elfogl bltztiiibs pf b* — 7JH 1 2at7> b* — y'M 1 2 b 
fc5Ifo«Ibt&4Sttli81 2 ^©^Jigp^^Bg-rSo rStt^^l 2 4>© 
± S3 8)3**85% o£ t> JP£ 1 OnmOfi b* — 7M tf^5 Onm07> h* 
— r«2:©*Ji«|S s £ *«-a3pt&©T;V 5. A*&JA N fa 1 X 1 0 17 atoms • 
cm- 3 T<fctK £©**ffl$©*fc|fc<fb»T&K::i3tt* b — 9 )]/<&&. foti* 3 0 On 
mT'&So C © i: ^ , _t3zfe©^Jf SP©g±Ji C i± T > b* — 7m 1 2 b h & o r 

So 

&*5s ^JIg|$©g±Jf £ A&T^STV b* — 7M 1 2 b © Jp 2* fcfflj © T > b* — 
:7Jf 12bctD*50 nmlgf < bt & .fcV^ fc£ b. £©«£■£ liMO S F 
E T<DL#v*MBE#l*<fe*©T^ bttftJK-t£&3Rj$iai<z)#3i©|tj3« 

s±SP©t> b~ — y°m i 2 b ©jPcfr£&#>s £ t #-e § So 

&tC. 04 (c) twtlSt, 2©±fc N ^-h^lf^^S: 

V — ^ • K >^Ji£&S£B#£Pin bfei/'Ja 

&a ^19 §^^tfet s 5 o o~8 o o°c©p^cin^br, & 

X^^t l 9 ©±^*^^^©^ *>&X%?f ft-5 0 ^?>t N ^^©tStt-fb© 
fe4?>©T- — ;i/*?aaE 1 5 0 0 °CT* 1 0 #Ha*r&-5 CI tK nSTtfel&afiE 

1 x 1 0 1 "atoms • c m~ 3 © y — 1 3 a i: b* 1/ -< 13b £ 

«t§» £©£;*% V — 1 3 aSl^FU^ 13b^ H#fi*H3}i s 
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MX.&U&ifi 5 0 0 °C^, -f * ><0iPjt*JESTf K— ^ti^Jx, 3 0k 
e VXV 5X10 13 atoms • c m~\ 6 0 k e VJ&TK 6x10 13 atoms • c m~ 2 
, 1 0 0keVSV8xl0 13 atoms -cm-\ 1 1 0keVSlF5x 1 0 18 at 
oms • cm~\ 1 3 OkeVSVl Oxl 0 n atonis • cm"', 180keVS 
V 1 5 x 1 0 13 atoms • cm" 2 , 2 4 0 keV5Vl 0 x 1 0 ''atoms - cm" 2 

H4 (d) Kftif?, aAv7M9^^lfe^ RCA» 

irsfT«cor«eiR« i 2 (Dmmmzm&ft 151100 -cosisttjs 

tt^^ 1 2 ©S±Jl©:r > K-^Jl 1 2 b ©*BgB (1)15 nm©JP^#) &#t 
ifbtSC i: i: J: D > m&ifito3 0 n m©8fc&fl3JBS;fr ht$.%>f— h&«J8t 144 
Mt5. ^ - h tt&JHE 1 4 ©5 *> y — *1H# 1 3 a.RV F 1/ 1 

^J&£ ft£N i ^JR*6S:5V-7«a 1 6aJlFI»l"f >m® 16b £J&J$ 

r *o £ & v — * , h i"f >mn i6a, i 6 b hm&mm 1 2 b<D*- s. 

y * 3 * h^^Sfefetll 0 0 0°C-C3^F^T- — ;V4=fr&^o i^VNTs -9* 
- hmmm l 4 ©±KN i UT N N bftft5 /zm(j)y- 

h li 1 5 SffiRtS. 
Jl^OX^^cfcoT^^^nfeMO S F E T fCo^-£> H L-f >t^t K 1/ -f 

^ii 1 6 a i: h" H 1 16b fc©|fflK:— j£«ffi*iniU f - h 15C 

> ^^Jfe^S On?-t^ MM OSFETT , y; > h* 1/ 2 0 0 VfillC 

%»%tttt£E& 6 0 0 VH±t$ t) s * >ffi#bfc 1 m Q • cm 2 lc{£M2 ftfco 
^7fcs tbiiOfctofZ, 01 2t^tllStt.5^*0MOSFET (pgf 
+ *M } -7SiCI10 2©^M J IMffi# lxl0 ,7 cm- 3 ) bs *mMWtWt 
©MOSFETttlo^T, tBS^J £ >*£f3^fc 0 *©£JR. 

i©MOSFETtj3l>tJ±, «©MO S F E T fZib^T^J 3 ^©ffiS 3 > & 
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-» 1 ©£iS7B«©*?B0!l- 
±IBH1 1 C^tnft^MMO S F E T ©$tS££/foflf L t, ^-V^^Bfrtt 
©TSl^ p 5^ f?;HMO SFET ^Mt5 C 2l *>^Ti6l?» s. 

MO S FE TS^iTSCitJ: y - h*ft««-«tt»tflH©!^f*$ftt;: b 
9 y 7 «*n *#*©««©#«& WAIT* £fc #-5*5. 
t" fc> Blt^tpSoS i C £4K 1 lCftitnloS iCaSfi^N P 

— 7'M%:, nlC V— *fiBtS 13aXVFl/>f >1K*8 13b KlftfcT p SJO^W 

S*M» Ufe«ag©S#fl&*e3bJR£ «fc ^ ^m®}* ;T>ftft©ffi«K: J; -g>^**;i/ 
=i£im©ft±^ Mffil$©lRj_ti:£E]&£J:#-r-££o 

EI 5 (a) , (b) tt % *a£^WH^»S«tt««©«$*fiItc:j3»* nl^ 

1215 (a) n^-r «t 5 £ N 7" > Y — ymKHottz^mm-i *y®Lin±'piz < & 

(b) (z^-Tctd^, $Stt»t8±#©fc*#*HB:x i*«jSt^tnS 

K - :7JB £ fck =*■ * 'J 7##£ L&Vn©-?. £ 1 ©^Jfi^JBfcHttts 7ft v^iJH■JBE^* 
HI 6 {i. #aflSJ&0U© p3^ *;HM O S F E T is SjSfiffl CjE©«JE V *« 

^Ap^nt. y r#£frf o^b, stents©*: §©y- h mm, v 
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oT±#cft}f &;h,;fcfatt^##©#afc*--;i/#ifc£ bs 3©*-;i/#v-7 
©itT£43^T**&rT;£fci&fr3&£fl£*£K:&s £5 c^^tso-e (m 

©l5l£t£*.3©gjfcfl£»£:h.-5©^ ^■■v^;i/JB&5tfr1"5* — ^t^-rsf^ffife 
'J*£ < 0 , ^-^*;i/^i&lSC*S|Rl±-rSo HI5 (a) C^ti^C, n F 

— 7 mom?* ifi 1 0 n mil £: * VMI 4: *» £> % C ©?SteSS*i© # ^ > -V 
«6&ftv U Ttfjtfr-rsttflBfciE^T^ nIF-7|i:^^tl?Ml: 

*r -T* tk*>c sit^ >^>^;i/ff fcjg£Ts*?©««rw»fcJ:&*e£©i£* j b 

«3Lfcn?- + ^;i/SMOSFETJ:H«offffli«4C, ^— h ««JKH>-*x 

-si 2 (Dmrnrnm- 

ItilSt^A CCUFET (Accumulation Mode FET) C 

ismis *nas®«6K:43»*AccuFET©ifS3esw-rwrffiia"c*ao 110 

IC^-T cfcd (3 N SlJg 1x10 18 atoms • c m- 3 <DT ft $. — t? 2* (pi^ii) ifi 
K-7*nfcplO S i C££ 3 0 ©±fctt> ?jSIgS 1x10 17 atoms • c 
m- 3 ©T;b5.-e7A*s K-r^nfcpS©TSB«<4««3 1 £ N T«B*£tt«#3 
1 OiH^El^^^Ig^ lxio 17 atoms • cm" 3 ©^^^ b* - :7 £ ft n 
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a©±8P?stt«ita3 2 ±%smmM®3 2 RVT^m&.mm3 1 nizm&i x 

1 0 ,a cm- 3 Oi|^aAHi$$Hf:nIOV-7S|3 3a5l|tpW> 
$1% 3 3b!:, _hg|3rSttfI^ 3 2 ©JbCJ&J&Stife S i 0 2 frSftsy- hffifi 
J3g 3 4 2^ h^iI3 4 ©±£Bfi&£tt£N i MI 3 
5 fc N V-7ffi«3 3 a&lh* FU-f >f^3 3bC?ft?ftt-^^3>^* 
ht5Ni ^Iipf.*;§V-7l«i 3 6 a&tf K 1/ -f 3 6 b i: N S i C 

3 0 (DmMlz*—* htSNi £&JKj&» £> ^SSIII 3 7 h 

xlil x 1 0 1 "atoms • cm -3 ) (DTJIS. — 2\%-&tsW-fyt£$3 1 OnmCpS 
Y — zrm 3 1 a ^ Ty Y-7<DS iC#^f B *^«f^5 0 nm©:r> h* 
-^"S 3 1 b t &2fcS-fc N ft 4 0 Jf -r-3*JB b-C^J^^tit l^. h- 
$ KM-folfim 2400nmt-fe-S o ^U, pi K — 7M 3 1 att. M^^miZ 

«t3T> h — r« 3 i b^cD^^ u 7<Dm.friz L&vstttemmizm < bj&z tin 

^3 El 3 (a) t^ti^l:, ^rt UTCl^ttilCffotpIF- 

3 1 aCiii© mfif # h ^ -yr^ftS. 
— 2K E! 7 ©&;£ Kjt^bT^t J: -5 t N ±SP?Stt^^3 2(± N ffiii^ C 0H iL 
« 1 x 1 0 ! "atoms • cm" 3 ) (D Ik ts 1 0 nm©nS! 3 

2 a £ N T> F — :T©S iC#iS^^^>5:§/P^*il5 0 nm©:r> h* — 713 2 

15 3 0 0 nmT'^So ? lt> iWCiotnl K-^Jl 3 2 aClf*ffi 
IX nSF-713 2 a * ©JSfcr 3 «^<0»» * Sgft ©Jfttf t> £ 

j:^t:&§ 0 ^ ©felR^ El 5 ^"T «fc -5 C tf^nl K — 7*Ji 3 2 

a^ttt-fc < T> 3 2 b fc: 3 fc#*tt*Si:fc*. 

t% _ta$*gttf!i$3 2 ©*:r > i/ * ;i/#^#> i^S&SSK: iotni p — :7 
13 2 afr £>:r> K-:/Jf 3 2b fc N nS b*-7*Jf 

32a, T> h'-rjl 3 2 b ' t=«6 A "T ti * o ?tt, m^^^FMtJ 

mm.cD&^r> F-7"i3 2b & nft%<DXs ^mwj a-^stsioisttcfc d s 
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gfljsn, ±%nm&mm3 2 &3&m?##:£L& < &i>©T^ ^mms©^ 

F l"f >^J^3 3 a, 3 3 bKC*t»*«Et*a Cta^ftfcAC CUF E T 

c^t* sv^* ^^sg^ tb^we t %mm tilts £ fctf^rsBt a 

05 (a) £^-rrh<, 7>F-/13 2 b CdSt^S^ttffiJBStffi 

fSJR 3 4 h jfe«BI-J:g&iSteia« 3 2 H©#PSif*3£fc: b ^ y 

© <SM t «t & 5"- * * Ifc & © ft _t h s ^ t> * > f!t£l ©ffiicisf ^^^1/ 

*^!IiOA C CU F E TCoVNttDiStEIIS (Hl/-f>i» 
i: F >*JEk<DHflO ©^- h mEE#c#&£lS^fc k 3 5, 
iCjsH-a nft*;^MO S F E T t Jt^Tia^nmSSSi) 5 ^ feKHgifcLT^S C 
ttffciPofco HU-f >1E^4 o o v w± £ * v» t *> u — * <f ^ > 

«c bC^f^Sc Kl/-f ft> *7Jt*JB£:teB-:&*&««fe««BEt± 6 0 0 V 

W±T*<g>b N t>j61*)lmQvcm 2 i: V» 5 tel^tf^STf & fc. 
ft£ N ACCUFETH:, * < * ^ffilnitf/h* 

ffitttSUVkiil^lijft* 8 **. £<I3#> *HIIiOACCUFETt!(i> 

*7«JBK:*tt 5lS^WJBEtt*i6«-r« Z. ktft* ^ S©T'. ACCUFET©H 

*Hlii©ACCUFET©iilIgtt, 1 ommfemiz 

*U4nf**^M0 S F E T ©^?aX^ h tit £: A/ £T §£ i) £> & V"*©^ x gggi$$ 
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®8Ji, *|E^0!!tc*5»*ACCUFET©«S3i*3a%-rWf®iaT?»*. 
ff^HCjo^Tti, HI 7 2 <D&MJ&Wi<D A C C U F E T t^V^T^ ±gp?5 

&ffi®. 3 2 ©±t, T£BrS4£M 3 1 *:Ett©#l36&#*-S*Ste1S«L 
p£f H- rj|J 3 1 a k. T > H-T"* 3 1 b ^ £ 3 Jl T o« Jf t T & 5 It TJStt« 

«3r status, ^©^©jh^c-ovm:^ bi i 2 ©gga^tg© 

ACCUFEThl^tffeSo 

#&JB0¥© A CCUFET M&t^TfcJU $ 2 ©m6J&»i: H»l;:±gP?S£*«* 
3 2^t^Ht45, ^- h^^M3 4 Oi£T^f-{iiST?StttI^3 

i' $><D{£i&&<D : Fm ! M%'ats7 > f-^i 3ib isffitsct, h mm 

m 3 4 *?>f- h ^^II-±gPtS^^^^©^p#5£lC h 9 s» 7 2 ft 

iw j: s ^ * ;n£B&&© ipi± t s =f#h*i 4 * > aa©wi«!if^ffl cis? 

a»fi©fil± £:> ^-7«SSJc*»* ?■ * * )Vm±fa<DQ;§_fci'zm K: «fc 4ifE©lS± 

3;*^ ^^^^i'^As^^&ftfeh^Ctt, la 2 (a) £^-r <T i: < ifiTrStt 
$U$ 3 1' £43tt* pgi K — :7Jf 3 1 a © ^#£$) C H © m?5 A 5 ^97^tl5 

©t»> vrnmrn 3 4 -fiT^«^^3 i 5 wowmfl-sec b ^ * ^nsiE 

T-^So Rt, B 2 ©^Ifi^JBKlJt^* MB»JR3 4 ©fcTfc*©«*tr 

& h 7 v 7 L fc^ifa MTWi&mt& 3 1' OpiF-713 1 a^^^Ef- 

&©t-, y- b^mm3 4-mT^^m3 1 ' ia©isi®^jSK: h^^r^tis 

jE©«*S©fl?Jfl £«tt"rsa&*&J; !)MK:9&ft fi. d S So 

-S§ 3 ©^2M?J- 

(5 H-T-JB iiT> F-T'JliiCtHaaaiSjpJffl IfeglSMO SFETt 

Mts»3 ©^iS^^i3ovATi^0j-rso 

EI 9 (a) , (b) ti N ^illlt^l^Sif/^-MOSFETO^I^l 
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SVSffflit$5o fc£U. m9 (a) V— 7114 9 l s 

EI 9 (a) , (b) ICw-riafC. ^iHtffSM^&tt 4tti/t7-M0 S F E 

1 x 1 0 18 atoms • cm" 3 (Dii (nM^ttSfcl) ** K — 7"$nfcnlOS i CS 
t4 Ofcx S i 0©±t:§i$titg^2 x 1 Catoms • cm- 3 0g 

K-i/£*ifcn- SiC14U, n- IS i CJ|4 l©±tM$n*H 
ftlxlO l6 atoms • c ra- 3 0li# F- 7^tifepiS i C|4 2 J:^ pIS 

i CM 4 2 F*3 * b3^fi6*n»ftl& lxlO "atoms • c m" 3 ©^ 

m^-ats n + IV- *mtM4 4'^ pIS i CJI 4 2©5^2o©-fe;V0V-7 

sh*m 4ig±©raK»sftfe»*8fc-f *>$£ac«j: t)^j«$n8ftj» 1 x 1 o 18 

atoms • cm- J 07il'? — £A£^<£r p+ ^3>^ ^ h 4 5 £ N plSiC 
14 2 Itn- fS i CI4 lCilt'S hP>f 5 1 M/>^5 1 © 

*>}iM.&m 2X10 1 'atoms • c m~ a (DTJU $ - •> A £ &t! rSS^J^ 4 3 fgffi 

4 6 ©± cm ^ n >j >; 3 > * f> & § h ^@4 72^ h mm 4 7 

&«-5JBIH*6»]K4 8 StlSl^s =&-fe;KDn+ iV-7|^4 4SZf p 
+ Sn > * d7 h 45(3n>^^b-r^)Ni ^K*64 5V-^*ff 4 9 i; 
s S i CSt4 0 (D^m%m? N i-&£&*5>&* KU-f >m^!5 0 J:$:^^.T 

* UTn _tIS?5{£@tJ$4 3 ii % Tgitft 1 x 1 0 18 atoms • c m" 3 ) © 

7)\, % - r-p a mfr&ffi 1 0 nm©pM h* — rjf 4 3 aJ:, 7> K — 7© S 

i CJi^SiP 6 £»3HSS 5 0 nm©T > K — :7J1 4 3b J:SSIK N §^ 5 Jf 

©?1^;E btfWSB&Sftfcig <&i&iftlX^&Z 1212 (a) tStio 

■ I:. +t 'J7© b»iBl(:#otpS K-7I4 3 a h5 v?if 
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^mMftZMomm^ u -mo sFETtish, # u u ^ h mm a i 

C;t-f £tt;bD Ufetit, Fl/^ 5 Oi: V-xmm 4 9 i:©F^^mflE 

*G3iQ-rs;ri:fc«fctK £*- F%iI4 6i: P SSiC142 St>"n- SSiC 
® 4 1 h©f|{:^4t§Sttit4 3 0 r (m^) jPjfcfrfSo * IT, 

h ii 4 7 izmna *Jis«fftc «t ^ t v — * • K u -f >F^©@Sit#^fii£ix 
, ^ >f iy > &Ji5, uOfct, ±131!! 1 ©HM^T?!£BJ3 bfc «t 5 

t, h«&«l«4 6 rf^* 1 - b»«Jtt-iStt«H«IHI©#fflfl-$£tc: iv^^tx 

^ s t > b* — r^4 3 b izte^mydftipte^ ^ ^fr^^^tj-f ^->t5ca 

©fiat: J: 3 ^ + *;H£8bflE#|ql± ipo. ^-7tt«IIK:fett-siSEE'fe|ql±-r* 
o b*»*>> ?SttfH*iR4 3 |*]©p3« 4 3 a O^fllft C £ # 

snsoT?, vmmwkA 6 -sttn«4 3 ia©#®f*$£K: yzrsnzjE 
fenx ttastcjfc^t ©»»*&«£ t± i ooo vu±-e$> 

%o *&C, b£^ifi«JE{*$tt©*IS:3 — h*-r©7S-|t^^ 

®St*®«$tiTVASo *©*§** ^**;i^tt£*8l3ftiRlJ:-ra&£©*ftte 

^^Miucssw-i.^M^?— mo s f e Tcfiag^ssKo^TBJiiii-r 

*o H 1 0 ( a) ~ ( c ) XV El 11 ( a) ~ (c ) t±x -*^EJIIJglB©«SM O 
S F E T©*{jgX:JI§j5sr»rBiEn!**o 

^f, H 1 0 (a) I3^t-Xigf> nI©S iCIfi4 0©±fcin-situ F — 
/CiotiSI 2x10 17 atoms • c m~ 3 ©M^S F— ^U&tf&n- MS i C 
14Uxtn>>tJHS^tfc^ in-situ K-7CJ:otIg l x 1 0 le 
atoms • c m- 3 (DT )V * A £ K — ^L&tfkpMS iC14 2 £ :n tf # =3r 
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0 10 (b) twtlitx M/ >^-^J5a««*BlD Lfc-> U 3 ylt^b 
15 l&tfN iM5 2i?f>«:5xy^>^Y^^^^Us A^IHtCF* 
h0 2 fc&ffl^fcRJ&tt y^>^&frfc-3T N pIS iCI4 2^11 

Us n- SSiC14 lcD^4ilc:^-ri,hb>^5 1 §Mt5c 

m i o (c) iz^tJimx', m i comMfemizjo^Tmwistz^Mizvt 
■ox, mnux zmm b&# e> ^iRFk:^;i/^^;i/^sMa t-c K-tr > ( 

iS***r^©ttil&<0»C«fcS7 , > h* — ^JB 4 3 bOJ^jftfc&'S* 5 El b tB-T 

^ i: t i ^ plP-7'14 3 ak7>K-7I4 3b fc&SESC 51foSl 
bT&SrSttfftM 3 Stt^^4 3 tilt«^©7*5 A $g| 

£8* UllxlO 17 atoms • c m" 3 t & i> % 4 3©h— ^©Jp^fct, 

3 0 0 n m T* £ » 

iKKlx mil ( a ) Ki^-rxS-e N UllOO , CeDfflSeTT?*51£«*8 4 3 ©il 

^5 l*ffl«>«y— h t&fgflg 4 6 V *S V ^ >f — h «fig 47t4ifiEt5. 

ci© £ x 2 o©*;i/©*lHastefc:3fcK<bJRKifstf U U =i >Jig©-3t$£^ IT 
x iin5^>aAV7i'5 4}:tS. ^ bT. h ti 4 71^>f t>SA 
x'^^54©_t^t,p^SiCJ14 2 ft^MfU'f * > (N + ) ©&A£fT#oT 
x tt& 1 x l 0 18 atoms • c m _3 ©Mf!i£-^-t? n + M© V— :*^*$4 4 ^T&j&lr 
So C©J:t. y-7H«44att N SSA S 5 0 0 °CT*. < * > ©iDJSmjE^ - ^ 
K — XJI£ N ^ti^tK 30keVStF5x 1 0 I3 atoms • c m _ \ 6 0 k e V 
RTF 6 x 1 0 13 atoms • cm'\ 1 0 0 k e V %. XF 8 x 1 0 1 3 atoms • c m"\ 
1 1 0 k e VRU 5 x 1 0 l3 atoms -cm-\ 1 3 0 k e VStFl 0 X 1 0 13 at 
oms • c m~\ 1 8 0 k e V J&TF 15x10 l3 atoms • c m~\ 2 4 0 k e VS 
V 1 0 x 1 0 ,3 atoms • cm" ! i: b fc^@© -f A £ J; ^ TBsE£ tit 3 

o 

0 1 1 (b ) tvtXSTf, :t >&A * 5 4 
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2MS±te*>U 3>IMbB&fr&fc3JSII8lK«I«4 8 £i£«U ^tvSAY^^ 
fflorv^fefStSSHP-r*. * lt> JBRaSfittiK4 8 ©±fr £ P SSiC142 
n\ZT )V * -V I±4 y (A 1 + ) bT> ^jg 1 x 1 0 1 "atoms - cm- 3 

<fc{3> II 1 1 ( c ) C^tltt, ii^^JSfli 4 8 © -5 n+ v — *«i*4 4 
© — ffls®±C& jc y^i/^fc J; DRjiSbT*^ »2Ifit§ffl 

i^lttiot, N i -&^J»E&3£«cD*®2lU f *Ht:J«SI I, V— X«ffi4 9 

h Y Is J >li5 0 SsJ&j&bfc. 

MOSFET f3 0V>T|£BJ3 b 1 0©g^{3 

V^. B9twtidtaft©-b;i/Slo©a£fiCMl/fe^ loot* 

Xi±«»©-b;bfttcijOWf lt^ f rttSST? 1 oogfl/'iy-MO S F E 

t b -r &fl§ -T * £ fc *> -c & a . 

waj^s^a^asKiK^fts $©■??«& < x ^— K%tBjK&M&-5tr«H 

* ^RfbJKSe ^©flfe©****^ £ &-3^fbK, RffiYbttC «fco*c*jEi8L;fca£'K:fc 
s , G a N , A 1 G a A s , S i G e , S i G e C & £ N a»©7C*0-fb'&«DA» 
bfc?St$$! l**ft»R©T# v><& Z i: C «fc t) N ^M^-r ^- >tStSL 

©££M, tf^ttfficfctts^-v^i/M^ttrfD^a-fb, 5 K-rifD^FiijAO 

±IBSS 1 ~S& 3 ©£«SBJIgfc::fc^TfcU iSttffi^* ©7 > P-:rji h* 
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— y°m) t <5 \*-ym (immg. v-ym) t%m tttux&% siciaott 

JhfBfi 2 ©^lifc^tgic&uT^ IfS 3 ©jmB^cDr £: <^Mfc h vy**m.tt 

tSS^ift^J; a \Z OfeiMOAC CUFET*^jSfcUT4>«tV>o ^©JS^&w 

- &zm^xm>t£mm&mm b^a^ m^mmoi&^m. Y-?m (T>Y-y 
ji&^ty) , -mmm.Y ~7m(D^?tnz&^xt>, feoytm (mz-itvy (p) 

, #D> (B) F-^>^#*£^TfcMb£;L&Uo 

>h£ < , l^iSC £ £>fg}tg K-^Jf -s©** »J 7<DW:frt£ is&vimizm&fc 
mftom^ (tfWlz£^xmteZ>&, SiCS«T(i2 0nmlS«T) HIS 

(T > Y -rm^^ts) ©JP2*», lOOn m^KCJP <t i b 1 t^^l^ fi^^&IH 
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-m i omm.m- 

1 0 nm-Cililg^ 1 x 1 0 1 "atoms • c m- 3 tfe§it©nS<y Y — ( 
iSSig F — ^jf) mfrtii* 5 0 nm©tK©7> F — :7J1 (&*!£ F — 7M) 

nm©^^©(5 F — ~7M h n JP^# 1 0 0 nm®iS[(D7> F — ?M 2^ £ WJ1 b 

l^tSfe^l^ Cl©r5ttfl^©±t 3 y F 3r — MM £ IS T s 2^^CD^3 

y h^-^-ft-h'SIfiSU-Cl^o £©£-5^ A i. B i: 

H-7it7> f — ym £(Dmfr<Dit*\,\?ti<b 1 : 5 h^mt-r* ctiao 
&^Tfcu K-rjg ttii!07> F-^ji t zmm ix^ssttii ( 

0 1 4 fct N *^^^J^3 43v^•c^fi£^^^fe+^>^•;vB©?S^4^^cDgil$^r^I© F 

(njv* fDux kKDmm) §4msi:it^5. mmcD^myu 7 t ■< ;wa N 

-*^*>fiMifi (SIMS) £^T^^b£^J|I^S;ftfcfc<DT*&& 

o 111 HI \Z 43 ^ T , ^$&{£S*5<D^±®;fP £>©$S<* (>c/m) £SiU 

> htfeSliOgg (atoms • cm" 3 ) SSLtV^o l^ HI;: jf; J; -5 £ . * 

^^^J©^^r*^j5g^ttfc#d F-T-ici'inii (N) ©ms{*«5{jis-t- 

*) (»1 x 1 0 1 "atoms • c m" 3 ) ^ bfr&T^ F — 7* Jl £ 6 \* — 

s v — rm-frbTy h*~-?'mizM]&t%mt$,<D^-finzj$\ l \x<bs 



> 0193339A1_I_> 



WO 01/93339 



PCT/JP00/08156 



27 

EI 1 4 ti%mm<D V— 2m&l± l x l 0 1 "atoms • c ra- 3 lg-e^^i!i s , 

JUVX^fry&ffl^T V^ ftJM £ 1 1 0 ,u s m&CDf&ffllZ-? ft Z. t 

Ci^ SfSt©^-^i§je£ 1 x l 0 19 atoms • c m- 3 il[:^fe5l 2:*»qTi6 
T*&fto 'J T^f^ i: bT©S*:«r;*&*-a:«, 7 > K — 

ft* 1 x 1 0 16 atoms • cm~ 3 $Ilg£ffrJ$Ept~ft;i£&3i?loTf&fto ^rt'J7^7 
§Slt7> H-^JBK: t>**Sl£ i:i:<t^ T> K 

Hll 5 & N gft©ttft# i x 1 0 18 atoms • c m - 3 ©3t-& C & W ft £ F-7"J1 
© :T n 7 7 ^ ;v £ f^iSiffl ^ il^ ft fc #> C > y F^-y^t- KCO^TOC- 

vs&k j: %7Fm<v>)mg.m%.&ft-& o fc*sni£^-riiiT-& ft » c-v$fefc<fcs«!i;£ 

tt> g ** 3 0 0 //m©Rf Ni>>3 y h * — mil SttiS'af h * - ^ -f — 
KtCs 7" * ^ 0. 5 V *»' & - 0 . - 0. 2 V ;{p & - 2 V 

©BB4:££'fb£1*\ CixCM»bT«/.Mg|i© 1MHz ©%J9 & EP2JP b T 

ff & o fco * b"C^ EUgc^T'FflH&iBft© 7n 7 t- -f JP£# 1 0 nm© 

<5 F — 7*Ji A* 5 0 nm©7 > F — 7*JB fc£j*Ji b&*©#&ft&ttibfc<5 

H-rico^toto-cifci, n ^ ^ -T <t -5 &c\ «!;*:friai©»j£7*n 7 T ^ 

C VDtCctft Jit^^-^^;i/^gcfi© F-Ki/^^^ D$J3I ( K w<> b ©ig 
^itfS^CtS^lt^^o *bT> C - V&iZ «t ft 5 K — 7'Jl© 3 ? 

sinm* v 'j r^mit i . 5xio ,! cm- ! -e$!), ;»/»«©«ijE*e>»e» 

ti&W-mWJte** U 7$gS&J 2 . 5 x 1 0 12 c m^C Jttfcfl& J: < — S bt v^fto 
^bts u©;^l/X^0 7D7 7-f;KD*Ii{i, 1 2 nmi:Bfi£^n-C*5 Ds 
SK*&&#te£3s it ft o 

H 1 6 tt N 6H-SiC * © <5 K — 7*JI © A > H 3g 7 h * y -fe > * 
b- ;V<D$J5E&Slil£^-riHt-fc ft 0 £©*^ h;v{i^^8 KffiTti^ 
fcfc©T*&t) N I&jg^J: bT3£g 0 . 5mW©He-Cdb-if-ASffl^f)nt 
VNfto C£t?i±. |^lOnm0(S F-7*JI fcjp^r 5 0 nm©T> K — 7M t. 
«M b fc <D © > K — 7*/! ^S^^ftfe*^ h ;u N Jp £ 1 um(DT> b' — 
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:7Ji* s e>i#6;hfc;*'** h;vk&tt*fcb-C^3. El El C 55* f J: z> ts M#©*^ 

^*f&^i8fi#s 5x 1 C'atois • c m " 3 ;(I © i£ ^ ft £tiT ^ 

5o -r^fc>*>. HI 4 IZtf"! - ^ — T> F — 7"^©^^^)^^^ 1 0 17 atom 

s • c m~ 3 ;t — ^ — t3MtH£ftT^&#, * *l t± S I M S tz. X 2> M ^ 
J*£©IE#^K:«fc D ^ bfc^^T-$> ^. o ^LT. PLS§fflv^Su^:^:J;D, 
0J©6 F — ^"Jl Zlt > F-7|i:5^li;il lt# tft&tg'ftflt^©;" > F 

— ym<D^m^amm.ifi 5x10 i6 atoms • c m- 3 mj&cr>mm&X'&z> ^ t&mm 

EI 1 7 (a) , (b) (is * ft* ft JSC N H- S i ClOlfiiSoSSte 
#44 ^m^^©S^#t$^£^T7 ; -#T*&.i>o 0 17 (a) , (b) C£ 

OEP©^ — ^ tt N jp<2*# 1 0 nm©<5 F — r^Jl ( F — h It mm) 
m^ifi 5 0 nm©T > F — :7*Jf £: £ijgjf tT/B:l) 6 H- S i Cf (tV/^A) 
Co^T0r-^f$§ o lEpcf-^ii, 6H-Si C©<£3iSJ$| — h*~ 7*® 
(1. 8xlO H cm" 5 ) to^'COT-i'f^^ A^Or-^li 6 H — S i 
C©^a^±5— F-7I (1. 3 x 1 0 18 c m -3 ) tont©?-^T'fe5o HI 
17 (a) , (b) ic^-fct^l-s 6 H- S i C©fi*flEJ9— F-rjH (1. 8 
xl0 16 cm- 3 ) t*V%tB:x ^W&fcKtfffi^ © t> U TOjfefrlfclC 5 ** 

Td 5 ? feSSfrSffcaa*'.!*;* <%s:ti:J:{) N 
-^s 6H-SiC©III^-F-71 (1. 3 x 1 0 18 cm- 3 ) H^^tli 

&1S < , fro, «^©#Bfr£;b*]Si> £ h&teiPZo -f&fot^ *^Bj©7g^fi^ 
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ISI 1 8 teu ±M©JP#># 1 0 nm©<5 h* — £ Jp<fr# 50nm©7>F-7 
ihl^tfl 0 0 nm©T> K-rjfi; ^tl b T & 3 7g<|4$li|4 & *T 1" 

7 s — ^ii, ?g^7 7-3 o OKottHc^viraufeiriirv^o iJfioi^c, 

V > 7)V A h B i:£*5W-a<5 Y — 7mtT > Y-7M ^©JP£»©i:b£ 1 
: 5 hftjifb Ltt> A , B©¥$tefe^J»ft»Jft&RlbK:b , 0><&K:t>Jfc 
HElt^tiats ^>:7-;i/A£:fcW-£m^;i£IijKfci:. ^>^Bti 

019 (a) , (b) i± N f ^^1 OnmOd f-^IittS^^^AC 

7lt^*§>> * j. b— >s > bfefS^&^-rST'feSo 020(a), (b) 
ii, W-folfi 2 0 nra© <5 K — 7M S > B fc: 43 ft 3 ezS#i»©M > F 

^>3>lfegll^t0'e$5. E119 (a) , ® 2 0 (a) lz jjk -f £ 5 lz , 5 

©#pftfl?tiA s I)^$nSo t?©^It(il. lt^bs 6H-Si 
C^©tbK®^ii 9 . 6 6t^5, 7> K-ntfflV^nS 6 H - S i CfO 
y *5 > h' <D* * V T^mi±m I x 1 0 ,s cm- 3 -C&tK nld F — 7"J1 

©=¥■* l> 7ggB lxlO ia cm- 3 T'^Oo 
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IU1 9 (b) £ ^ "T <fc d £ N Jp<fr # 1 0 n m © 5 K — 7M ( if" > •?))/ A ) Id 43 
V>"CB\ 2 ifcTC^tf 2o©(5 K — :7J1 £ ,fc o T tt * ft fc7 > K ■-T'JS fc S T J£ 
< fri^T, ^^aS* 3 2x10 ,6 m- 3 W±©^JgU±#®;fr £> 2 5nm©!5 

o£?k 5 (a) c*v^r«^wnjiA»n , rv'»% + ^ u t<d^^ 

— 15. 1H2 0 (b) C "T «fc 5 C ^ f»tf2 0 nm©j|^5 K — 7*JB ^ 
;i/B) Kl^TB^ *^©«ttg8J»lcJ:oT&£&ftS^+ U 7©#aEfl|*E©7as 

T\ m^**** 2x10 16 c m- 3 W±©^ii{i|^®^ f>l 1 nm©tSffl-?&£ 0 
o£tK Jp^U7'©(5 K — ^Jl^e>T> K-7I^CDt^^ b # J£ ®S ift 'J> & V> C 

-m 2 <D^mm- 

^TS K — ^m^Mt §St4^*sE^MO S F E T © ^ \ * )V h LTI§Vn£0>J 

in 2 1 (± N ^^liwii^m a c cufe t (Dffife&TjkTmmm-c&Zo mm 

\ZmT£5\z. 8S1X10 18 atoms ■ cm" 3 ©T;v^— ^ A (pS^ili) # 
F-7$nfepS©S i caitR 6 0 ©±KU£ X ftgifr 9 x 1 0 ls atoms - cm- 3 
07JK=>)A^ F-^ftfc pM©TgGtS&fflt$ 6 1 fc, TSP7Stt^^6 1 © 
±CM*nfi*# h'-^^nfe nS©±«PStt»« 62t ±$P«ttMi^ 6 2 
XVTfflJ?Stt«# 6 1 rtCjift 1 x 1 0 18 c m- 3 0lI§aAbtifi!l$nfe n 
li© V-*«J*6 3aSVh-l/-f 6 3 b _t«5*Stt*l«6 2 ©±CJBJ5fc 

£ftfcSi0 2 h«fi«ftjHE6 4 fc N h»»»6 4©±fcJBj&j*ft 

feN i^^JUfr 6 £3f - h ftJl 6 5 fc x 6 3aS^KU"f >flJgS 6 

3bC€3i?ft^-^ ^^=J>^^7 hfSNi £ J5H €> & % V— * mil 6 6a 
StKHW >^®6 6 b Si CS«6 OoUfflC*— ^ y ^ n > * £ b f 3 
N i-&£]Biip&&£2RMffi 6 7 £: £#x.T^£o V— *««6 3 a2»F K U -f 
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6 3blt *Sjg# 5 0 0 °CT^ << * > ©iniMBEX V K-XiS, ?ti^ 
fi N 3 0 k e V&tF 5 x 1 0 13 atoms - cm" 2 . 6 0 k e V 2fc V 6 x 1 0 1 3 atom 
s -cm-\ 1 0 0 k e V^t>* 8 x 1 0 13 atoms • c m"\ 1 1 0 k e V RU* 5 
x 1 0 13 atoms • c m"\ 1 3 0 k e VJ&TF 10x10 :3 atoms • c m"\ 1 8 
0 k e VSi; 1 5 x 1 0 13 atoms • c m~\ 2 4 0 k e VSD>* 1 0 x 1 0 "atom 

y-h5S6 5oy-hfiLgtt5/im, ^"'-MiWglil 8 0/^m 
, h*fe*tJ3M6 4©i^{iD4 0nni, piSi Cfr6ftSTfiJfitt«a«6 1 

© Jp .fr {£ 5 ^ m T* & £ <> 

£fe. 121 ©t^t:te^lt^tJ;dt> ±SI3?£^fI^ 6 2 ( 1 

x 1 0 18 atoms • c m" 3 ) © Wft ifiB 1 0 nm© nf K — zTM 6 2a 

fc, T> F — -y'CD S i CJ£^||2p£>&3Jf 5 0nm©7> K— :/« 6 2 b h 

OOnmT-feSo COACCUFETii, — v U — ^j- 7 M T? $> D U^litm 
EE & 4 . 2 V "C & S „ 

-3*tK ^:^1^0y ic:^ vn-T 07CStiSS*t4ACCUFETl:*» 
*T»?Stt1K*S 6 lt(i(5 K-:7*Jf ^IStf-ft, iS- Ut^S. 

EI2 2(i N ^^WJOACCUFETtout, ^- b^U 7XVg§- 5 V 

5FL'^>l«l0^ftSfi) E!T-2&3o :oi-VHIti»&fc*iJ:5i: 

> h t^A* 1 5 V *TJttit*fcfltH£Vkttfc:S£i,Tfc r 2 

2 0 mA/mm*lK©*g& F 1/ -f >Ii^^e,^T^§o #$§BJ3©A 
C CU F E T ©««[»«&:& fc*sfl|[B$*lfco 

El 2 3ii N HI 2 2 ©^-^ C|^< ffl-JUc * * 

FETii, h/Wr7*S< l/fei:* , Cfe5 0 (cm 4 /V s ) ei±©gS8& 

f t^;i/iig5«t & z t ftmmznx^Zo oid, f e T©*»Ei&:&*i 

HSb^+^^^mSEtCJt^J-l-fttfx OTWOACCUFETIt ±S$©£5& 
(5 Y-ymhT> F-7Ih^$ilCiil,fciIStlT^5it^^ 1*5 ^ 
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# t) -S o 

w±©a^!ii^o j pf&©-> ^ib-->3>^-^^ ^ urns. F — 7 

<L*) ©EE^WU & 1 0 nmttlt«l 1 0 0 nmWTt^S: htf^l b^. Uti 

6© ft a is f — fc®»E£ k — ^jb©**^ ^en^n^ cm e> $r ^ u a§ l-gj^ 

Si CJB£l#©¥3H£JB^ iMGaAsi, AlGaAsf, GaN 
JB , A 1 GaNl, SiGel, SiGe C JB & £©»£■ £ tt N ffiftK h* — 

aAsIS:ffl^S»^Ctt. Uyp^t-Otf K- ^ JB £ IS £ C fc. ** T' * & 
o — USttjfcttx 'J T©«#&IB**3ajEK:«tfiF7? & £ itna> HIMS»"CW 
Etf[*lRl_h$-&afc«>tt±x TSMK-^JB (SK-rjl) ©JPa>tt*v»&i;jgF 

i; L i: V» £ £ „ 

*mw<D*mibmw:i£, i^i^tc^s^tisMosFET, accufet 

, IgMOSFET, DM O S 7 4 Xtt Z <D y* 4 MM S&ffi-^ £ Wl 
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< i?ait; ^o^-^^qrtg^^^ <£&io©ig2 ©¥*#ji t£ 

otfife^nt^^u tSM^t^M I S F E T o 
2. JS#3g 1 <0M I S F E TC^Tn 

±13 2 o©ssig f-7"jb©5 -&-*i±N ±mib&V!) *mfam (d ±m®\zmv 
&*u ft!i;&&±i3fb^¥##:M©s®^K:i£tf s>;riT ^ fc£i$«J:f-sM 

1 S F E T o 

2 o©i^ig^ b* — :7Ji N 
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ocdB 2 l/T«asnri>SJ: fc*8«l:1-«M ISFET 

o 

4. »*Jg3©MI SFETt*^t, 
ItioTfift & ftT v> % c i: *<&WLh: ? 3 M I SFET. 

5. 3 Xfcfc 4 ©M I S F E TCfc^Tx 

±I3it 1 ©«&£!*$ i:±i3£*- Mfgf»JR2:©II9cDffil|U &tf±f3SI 1 ©tS-ffi^i 

^^^-r&M I S F E To 

6. Sb5RJR 5 ©M I SFETt3^5V>TN 

±I3fg 2 ©*£tt«*g&l4 N &l£©Sfl 1 ©###)! i:, ±3316 1 (D^mfoM «fc D & 

f$£ix-?:v>£ £ ii^t^Ji'ri.M I S F E To 

7 . gf $:£ 3 - 5 © 5 1 o©M I SFET£43VnTn 

±S3S«tts ±f3*b^te*«#JB fc— ttWfcKfr Stir* D > 

3 fcJBfiBSJxTfc b ^ 
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I s F E T o 

8. »#]El-7<D5fc^-rft*»l o 43 
±13^ 2 ©###»tt> SiCJBtjatK 

±IB& 2 CD^ig&JlCDjpcfrJ;^ It; ^-W±T* 2 0 n m T- & £ £ h 
±1311 1 ©^^^JICDJP^^, m 1 0 nmWJttl) 10 0 nmWTT-^-S 3. h 
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FIG. 3 
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FIG. 4 (a) 




FIG. 4 (b) 
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